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Abstract: Bone is the most common site for metastasis in human prostate cancer patients. 
Skeletal metastases are a significant cause of morbidity and mortality and overall greatly 
affect the quality of life of prostate cancer patients. Despite advances in our understanding 
of the biology of primary prostate tumors, our knowledge of how and why secondary 
tumors derived from prostate cancer cells preferentially localize bone remains limited. The 
physiochemical properties of bone, and signaling molecules including specific chemokines 
and their receptors, are distinct in nature and function, yet play intricate and significant 
roles in prostate cancer bone metastasis. Examining the impact of these facets of bone 
metastasis in vivo remains a significant challenge, as animal models that mimic the natural 
history and malignant progression clinical prostate cancer are rare. The goals of this article 
are to discuss (1) characteristics of bone that most likely render it a favorable environment 
for prostate tumor cell growth, (2) chemokine signaling that is critical in the recruitment 
and migration of prostate cancer cells to the bone, and (3) current animal models utilized in 
studying prostate cancer bone metastasis. Further research is necessary to elucidate the 
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mechanisms underlying the extravasation of disseminated prostate cancer cells into the 
bone and to provide a better understanding of the basis of cancer cell survival within the 
bone microenvironment. The development of animal models that recapitulate more closely 
the human clinical scenario of prostate cancer will greatly benefit the generation of 
better therapies. 
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1. Introduction 

Despite significant advances in our understanding of the molecular and cellular changes involved in 
the initiation and progression of cancer, there has not been a substantial reduction in proportionate 
cancer deaths. In 2007, according to the most recent global data available, there were an estimated 
12 million new cancer cases and 7.6 million deaths worldwide [1]. Ninety percent of these deaths can 
be attributed to metastatic disease, which is typically difficult to cure by conventional therapies 
(surgery, radiation and chemotherapy) [2]. These dismal statistics are largely due to the challenges 
posed by the complexity and heterogeneity of metastatic carcinomas, especially with regard to tumor 
dissemination and organ-specific colonization. 

Prostate cancer is the most commonly diagnosed noncutaneous cancer, and the second most 
common cause of cancer-related death among men in the United States. In 2010, an estimated 217,730 
men will receive a diagnosis of prostate cancer, with an estimated lifetime disease incidence of 20% [3]. 
Due in large part to the introduction of prostate cancer screening with prostate-specific antigen (PSA) 
in the mid-1980s, prostate cancer diagnoses have increased over the past four decades (Figure 1). 
Subsequently, a small increase in prostate cancer-specific mortality was noted secondary to increased 
diagnoses and attribution of deaths to the disease. Since 1993, the overall mortality rate of prostate 
cancer has been steadily declining, which likely reflects the combination of improved disease detection 
at earlier stages and advances in locoregional treatment such as surgery and radiation therapies. 

Metastatic progression contributes to the majority of the morbidity and mortality associated with 
prostate cancer. While only 4% of men with prostate cancer have metastatic disease, the presence of 
metastases portends a poor prognosis with a five-year survival rate of 30% (compared with 100% for 
locoregional disease) [4]. In the case of disease progression, cancer cells first spread to the regional 
lymph nodes and then primarily to bone. The long-observed proclivity for prostate cancer cells to the 
bone is supported by clinical data and autopsy studies. For example, in a recent autopsy study of 1,589 
patients with prostate cancer, 90% of patient with metastases had bony involvement, while only 10% 
of patients had only non-bony hematogenous metastases such as lung, liver, pleura and adrenal 
gland [5]. In addition, an inverse relationship between spine and lung metastases was noted, indicating 
that the two patterns of metastases may be independent. 

From a clinical standpoint, the development of bone metastases is the cause of significant 
morbidity, including hypercalcemia, bone pain and skeletal-related events (SREs) such as pathologic 
fracture, spinal cord compression and palliative surgery or radiation therapy [6]. Bisphosphonate 
therapies have been shown to reduce SREs [7], and several bone-specific agents such as a human 
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monoclonal antibody against the receptor activator of nuclear factor-kappa ligand (RANKL) and 
several endothelin-1 receptor antagonists are currently being evaluated to ameliorate osteoclast- 
mediated bone resorption, subsequent release of growth factors and further tumor proliferation and 
bone destruction [8-10]. 

Figure 1. Relative changes in incidence and prostate cancer deaths in the United States 
from 1975 to 2007. Data from [11]. 
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In support of Paget 's seed and soil theory, the preferential localization of prostate cancer cells to 
bone is not explainable by circulatory patterns or other simplified models but rather by a 
growth-supportive interaction between the disseminated cells and the secondary organ. Thus, we will 
use prostate cancer skeletal homing as our model for examining the organotropic metastatic process, 
considering intrinsic physical properties of bone itself, host-organ signaling characteristics, and animal 
models utilized to study prostate cancer bone metastasis. An improved understanding of the natural 
history of prostate cancer metastasis is critical for the development of targeted therapies for the 
treatment of this disease and for greater understanding of the metastatic cascade. To review the current 
knowledge about pathways of metastatic progression, this article will focus on prostate cancer given its 
high fidelity for a specific metastatic site: bone. 



2. Biophysical Properties of Bone 



2.1. The Long Bones as a Superior Metastatic Niche 

In prostate cancer, disseminated tumor cells circulate through the bloodstream and ultimately 
localize to the long bones, where they develop into metastatic lesions. The long bones are generally 
defined as the set of bones that are longer than they are wide, such as the femurs and ribs. The long 
bones are primarily comprised of a mineralized matrix of type 1 collagen, which is organized into a 
dense outer layer of cortical bone that provides structural rigidity and protection to the interior 
trabecular bone. In contrast to cortical bone, trabecular bone is highly vascularized and contains the 
bone marrow, which is metabolically active and contains a variety of cell types central to 
hematopoiesis and the lymphatic system [12]. A number of physical features likely combine to make 



Cancers 2011, 3 



481 



the long bones a comparatively permissive environment for disseminated prostate tumor cells, and 
contributes to the high rate of skeletal metastases in prostate cancer. 

Although disseminated tumor cells are frequently present throughout the trabecular region [13], 
most do not go on to develop into metastases. Instead, the majority of metastatic lesions are localized 
to the red marrow within the metaphysis, a wide section of bone near the epiphyseal plate that is 
surrounded by fenestrated blood vessels known as sinusoids. The epithelia of sinusoids are permissive 
of lymphatic and hematopoietic cells, and provide a natural entry point for disseminated cancer cells 
into the trabecular bone. This entry is assisted by a number of tethering proteins that are constitutively 
expressed in the sinusoid epithelium, such as vascular cell adhesion molecule 1 (VCAM-1), as well as 
decreased rates of blood flow within the sinusoids themselves, which allow prostate cancer cells to 
adhere and localize to these sites [14,15]. The importance of sinusoids to metastasis is further underscored 
by the observation that metastatic foci in bone frequently develop at sites rich in sinusoids [16]. 

2.2. Bone Remodeling and Metastatic Growth 

Bones are highly dynamic tissues that experience constant turnover through the mutual 
contributions of specialized bone cells known as osteoblasts and osteoclasts. Osteoblasts are derived 
from bone precursor cells, which differentiate from mesenchymal stem cells within the marrow and 
initially generate large amounts of collagen matrix proteins. Thereafter, they either undergo apoptosis 
and are incorporated into the existing osteoid that makes up the cortical bone, or in some cases they 
can be engulfed by the bone to become osteocytes. These osteocytes are thought to be able to interact 
with active osteoblasts in a paracrine manner to further direct bone remodeling. In contrast, osteoclasts 
are derived from the monocytic lineage and are primarily responsible for bone resorption. Under 
normal remodeling circumstances, osteoclasts dissolve osteiod, releasing growth factors trapped in the 
bone matrix that promote the production of new osteoblasts to further remodel the bone as needed. 

Numerous growth factors, such as transforming growth factor-beta (TGF-[3), and insulin-like 
growth factor 1 (IGF1), are released during osteoclastic bone resorption and may be co-opted to 
promote tumor growth, although a direct link between bone resorption and metastatic tumor growth 
has not yet been established. An increasing body of evidence from mouse models using breast cancer 
cells suggests that blocking bone resorption with bisphosphonates can reduce skeletal tumor burden by 
slowing or inhibiting the growth of existing lesions, and may induce apoptosis in some bone 
metastases [16-18]. It has been further suggested that bone resorption may suppress the ability of 
immune cells to target disseminated cancer cells, specifically through the release of TGF-[3 and 
consequent inhibition of T-cell and natural killer cell activity [19]. At the same time, tumor cells can 
secrete growth factors that directly stimulate the growth and differentiation of osteoblasts, including 
endothelin-1, TGF-[3, insulin-like growth factors, fibroblast growth factors, and platelet-derived growth 
factor (PDGF) (reviewed in [20]). Finally, factors secreted by adipocytes in the bone marrow, such as 
tumor necrosis factor-alpha (TNF-a), interleukin-6 (IL-6) and Leptin, may indirectly contribute to 
metastatic growth in bone by stimulating osteoclastic resorption [12]. Taken together, the above 
phenomena suggest a cyclical mechanism known as the 'vicious cycle', wherein metastatic prostate 
cancer cells secrete factors to stimulate osteoclastic resorption. This then in turn releases growth 
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factors that further support tumor proliferation and protect tumor cells from effective immune 
response, in parallel to direct tumor-mediated osteoblastic proliferation. 

2.3. Osteomimicry 

It has been proposed that in order for disseminated cancer cells to fully exploit the bone metastatic 
niche and successfully proliferate into metastatic lesions, those cells must acquire a "bone-like 
phenotype" that effectively promotes localization and proliferation [21]. This has been supported by 
the observation that prostate cancer cells in culture may display properties associated with bone tissue, 
and that sublines of prostate cancer cells cultivated in vivo can acquire characteristic gene expression 
signatures that correlate with both osteoclastic development and metastatic phenotype [21]. In some 
cases cell lines have been shown to mimic osteoblastic phenotypes by overexpressing bone matrix 
proteins that are normally exclusive to bone, such as osteonectin and osteopontin, or by secreting 
factors common to osteoblasts such as beta-2 microglobulin ((32M) and receptor activator of NF-kB 
ligand (RANKL) [22-25]. In other cases, prostate cancer cells can overexpress genes responsible for 
osteoclast differentiation and osteoblast mineralization, such as parathyroid hormone -related protein 
(PTHrP) and inhibitor of DNA binding- 1 (Id-1) [26]. The osteomimetic phenotype among some 
prostate cancer cell lines is so pronounced that they can stimulate the production of mineralized bone 
in cultured osteoblast cells in vitro [21,25]. 

3. Chemokines and Their Receptors 

The concept of chemotaxis, the directed migration of a cell toward the source of a secreted protein 
signal, has been most classically studied in the context of leukocyte trafficking to the site of infection. 
Chemokines are a class of chemotaxic signals that are considered pro-inflammatory, meaning they 
recruit immune cells to sites of injury or infection and promote angiogenesis and cellular proliferation 
at those sites. Chemokine binding to their corresponding seven transmembrane-domain 
G-protein-coupled receptors causes activation of signal transduction networks leading to chemotaxis. 
Chemokines and their receptors are classified and named based on the position of the first N-terminal 
cysteines (C, CC, CXC, CX 3 C) (reviewed in [27]). The receptors have been implicated in the 
migration of other cell types, including breast [28], lung [29] and prostate cancers to secondary sites in 
the bone. In the case of prostate cancer dissemination, or homing, to the bone, CXCR4 (CXC receptor 
4), CXCR7 and CXCR6 are believed to have the greatest impact (Figure 2) and are discussed in the 
remainder of this section. 

3.1. CXCR4 

CXCR4 is most widely studied for its role in both pre-pro B-cell survival [30] and as an essential 
cofactor in T cell infection by human immunodeficiency virus [31]. However, it has also been shown 
to play a key role in tumorigenesis and metastasis of prostate and other cancers. The ligand for CXCR4 
is CXCL12 (also known as stromal derived factor 1; SDF1) and is highly expressed at sites of prostate 
cancer metastasis including lymph nodes, bone, lungs and liver. CXCR4 is expressed in primary 
prostate tumors and prostate metastases at a higher level than in normal prostate tissue [32,33]. It is 
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also present in high levels on the surface of commonly utilized prostate cancer cell lines, including 
PC3, LNCaP and DU145 [32,34]. The expression of CXCR4 has been shown to be positively 
regulated by androgen receptor (AR) signaling, the critical pathway in the survival and proliferation of 
prostate cells. AR activation induces the transcription of Krueppel-like factor 5 (KLF5), another 
transcription factor that in turn promotes the expression of CXCR4 [35]. CXCR4 has also been shown 
to play an important role in prostate cancer cell adhesion. Treatment of prostate cancer cells with 
CXCL12 increase their adhesion to a bone -marrow derived endothelial cell monolayer in culture [36]. 
Kukreja et al. demonstrated that the CXCR4/CXCL12 mediated adhesion occurred at least partially 
through the NF-kB pathway [37]. In addition, activation of CXCR4 by CXCL12 also causes prostate 
cancer cells to upregulate the expression of alpha(v)beta(3) integrins, surface receptors that mediate 
cell-cell and cell-extracellular matrix interactions. This integrin upregulation leads to increased in vitro 
adhesion and invasiveness of prostate cancer cells [38,39]. Furthermore, the knockdown of CXCR4 
leads to a decrease in angiogenesis, lymphangiogenesis and vascular endothelial growth factor (VEGF) 
expression, and an increase in apoptosis in xenograft models [40]. Xing et al. showed that knockdown 
also significantly decreased overall bone metastasis in vivo [41]. 

3.2. CXCR7 

CXCR7 (also known as receptor dog cDNA 1; RDC1) is a more recently discovered chemokine 
receptor that also preferentially binds CXCL12 [42]. It is still unclear if CXCR7 is expressed at all on 
any class of leukocyte in adult mammals [43,44]. Accordingly, some debate still exists as to whether 
or not CXCR7 primarily acts as a decoy (non-signaling) receptor [45,46]. There is evidence, however, 
that CXCL12 mediated signaling can promote a metastatic phenotype. CXCR7 expression is higher in 
malignant cell lines versus non transformed counterparts [47]. Also, the receptor is more highly 
expressed in prostate metastases (especially those to bone) compared to primary tumors seen in clinical 
specimens [48]. Overexpression of CXCR7 in PC3 and LNCaP cells results in increased proliferation, 
adhesion and invasion in vitro. Furthermore, CXCR7 overexpression increases the production of IL-8 
and VEGF, two factors known to be involved in the formation of bone metastases [48]. Finally, 
overexpression of CXCR7 in rhabdomyosarcoma cell lines significantly increased their metastasis to 
the bone in xenograft models [49]. 

3.3. CXCR6 

CXCR6 (previously termed "Bonzo") is expressed on polarized subsets of T cells and is at least 
partially responsible for their homing to sites of inflammation [50]. The primary ligand for CXCR6 is 
CXCL16, a molecule that can be found both membrane-bound and in a soluble form. CXCL16 is 
predominantly expressed by circulating leukocytes [51] but is also found at high levels in the bone 
marrow [52,53]. CXCR6 is highly expressed in prostate cancer cell lines [53]. In patient tissue samples 
of prostate cancer, the expression of the receptor increases proportionately to the Gleason score. 
In vitro, the overexpression of CXCR6 leads to a significant increase in the migration and invasion of 
LNCaP, PC3 and DU145 cells using transwell assays [54,55]. Finally, Wang and colleagues 
demonstrated that the activation of CXCR6 by CXCL16 led to an increase in signaling of the 
Akt/mammalian target of rapamycin (mTOR) pathway. Furthermore, treatment with rapamycin, a 
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specific inhibitor of mTOR, significantly inhibited proliferation and invasion of CXCL16 treated 
prostate cancer cells [55]. 

Figure 2. Cytokine signaling through their cognate receptors results in promotion of 
prostate cancer metastasis formation in the bone (Prepared by author Robert J. Clark). 
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3.4. Summary 

Taken together, these data present strong evidence of chemokines and their receptors playing a 
critical role in the homing of prostate cancer to bone. Interestingly, each of the discussed pairs can be 
found in a variety of tissues and therefore does not exclude other organs as potential sites of prostate 
cancer metastasis. We speculate that their combined activity, along with known molecules expressed 
in prostate cancer cells that promote cancer-bone interactions such as matrix metalloproteinases 
(MMPs) (reviewed in [56]), RANKL [57], and PHTrP [58], allow for a clearer picture of the signaling 
events that promote such organotropism. These findings beg additional functional evidence for the 
importance of chemokine/chemokine receptor signaling in prostate cancer bone metastasis is needed. 
Most of the in vitro work is done with cell lines that do not express AR or PSA while more clinically 
relevant lines are readily available. More importantly, few of these studies have been translated in in 
vivo models. Further experiments directly assessing metastasis utilizing appropriate animal models are 
necessary to show the functionality of chemotaxis and other key events in the progression of prostate 
cancer metastasis to the bone. 



4. Animal Models of Prostate Cancer: Metastasis to Bone 



To fully understand the mechanisms by which prostate cancer cells metastasize, models that closely 
resemble the pathology and sequential order of human prostate metastatic disease are necessary. While 
there are several good animal models of primary prostate cancers that mimic the pathology of human 
disease, at present there is no model that sufficiently recapitulates human prostate cancer as it 
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metastasizes mostly to the bone. There are several prostate cancer cell lines that form primary tumors, 
but will not metastasize to bone following orthotopic transplantation into the prostate. Some widely 
used models of metastatic prostate cancer produce metastases that primarily localize to the lymph 
nodes or lung and only produce sporadic bone metastases. Moreover, injection of human prostate cells 
into immunocompromised animals has the inherent limitation of downplaying potential interactions 
between prostate cancer cells and immune cells. This interaction might be important for site-specific 
lodging of prostate cancer cells in bone, and should be considered in these studies. An overview of 
selected in vivo models is described below and in Table 1 . 



Table 1. Overview of Selected Animal Models of Prostate Cancer. 



Model 


Method 


Metastasize to Bone? 


NKX3.1+/-, PTEN+/-, 
p53/Rb conditional 
knockout, TRAMP 


Transgenic mice 


Rare 


Mat-Ly-Lu 


Injected intracardiac, 
intratibial, or tail vein 


Osteoblastic 


C4-2 androgen-insensitive 
sublines 


Injected subcutaneously; 
Athymic nude mice 


Osteoblastic; paraplegia 


CWR22 


Injected intratibial; 
Immunodeficient rats 


Osteoblastic 


RalGEF overexpression 
(Ras pathway activation) 


Injected intracardiac; 
Athymic nude mice 


Osteolytic; osteoblasts and 
osteoclasts 



4.1. Spontaneous and Experimental Metastasis Models 

In vivo approaches to studying metastasis can be generally grouped into spontaneous or 
experimental models. In the spontaneous model, tumor cells are injected at a primary site 
(e.g., orthotopic site or possibly subcutaneous in the flank) and after primary tumors form, cells follow 
the entire metastatic cascade from invading through the basement membrane, surviving in the 
circulation, extravasating, and developing as metastatic foci at a secondary site. In an experimental 
metastasis model, cancer cells are injected into the bloodstream, either by intracardiac or tail vein 
injection, bypassing earlier steps in the cascade. To specifically examine colonization of the bone 
microenvironment, prostate cancer cells can be injected directly into the bone. Although this does not 
test metastasis per se, it can be useful to further our understanding of cancer cell-bone 
microenvironment interactions. Unfortunately, the majority of prostate cancer xenograft models do not 
form bone metastases efficiently. 

Several studies have been performed utilizing human prostate cancer cells transplanted into 
immunocompromised mice or rats, although the majority of these cells will not inherently metastasize 
to bone. Thalmann et al. developed sublines of C4-2 (androgen-insensitive LNCaP derivative) cells 
that are derived from bone metastases in nude mice following injection of C4-2 cells. In a spontaneous 
metastasis assay, all four derived sublines secreted PSA and metastasized to the bone following 
subcutaneous inoculation. Interestingly, these sublines formed tumors faster than the parental C4-2 
cells. Moreover, when injected subcutaneously, a large fraction of these sublines led to paraplegia of 
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the mouse (as early as five weeks) more rapidly than injection of control C4-2 cells [59]. Similar 
results were obtained in an experimental metastasis model utilizing CWR22 prostate cancer cells. 
CWR22 cells closely resemble early-stage prostate cancer cells in that they secrete PSA, are relatively 
slow-growing, and have both androgen-dependent and androgen-independent stages. Andresen et al. 
demonstrated the formation of osteosclerotic bone lesions three to four weeks following intra-tibial 
injection of CWR22 cells into Sprague Dawley immunodeficient rats. These lesions appeared fully 
mineralized and osteoblastic in nature, similar to human disease [60]. 

4.2. R3327 Dunning Model 

Prostate cancer and bone metastasis has been extensively studied using rats as a model system, 
primarily because the size of the bone is greater than that of a mouse, allowing for easier handling, 
processing and analyses of the bone. In the early 1960s, a spontaneous prostate tumor was observed in 
a 22 month-old Copenhagen male rat. Grafts were taken from this tumor (termed "R3327") and were 
subsequently serially transplanted subcutaneously into intact or castrated rats. This gave rise to several 
biochemically distinct sublines, including the androgen-insensitive and aggressive Mat-Ly-Lu cell 
line [61,62]. These cells form osteoblastic lesions in Copenhagen rats upon intra-tibial and intracardiac 
injection or using tail vein injection with simultaneous clamping of the lower caval vein. Mat-Ly-Lu 
cells are highly aggressive and lead to increased morbidity and mortality within one month of injection 
(for a comprehensive review on R3327 cell lines refer to [63]). 

4.3. Ras Signaling 

More recently, cell lines modified by overexpression or knockdown of molecules potentially 
involved in prostate cancer bone metastasis have been created. These cells have subsequently been 
utilized in vivo to determine the impact of specific signaling pathways on bone metastasis. For 
example, overexpression of RalGEF, a downstream effector of Ras signaling, is sufficient to enable 
DU145 cells to form bone metastases following intracardiac injection. Conversely, inhibiting RalGEF 
signaling through shRNA in PC3 cells led to inhibition of growth of bone metastases (as determined 
by a relative decrease in bioluminescence signal) in the otherwise metastatic PC3 cell line when 
injected into the left ventricle [64]. 

4.4. Transgenic Mice 

Unfortunately, while there are several transgenic animal models of prostate cancer that closely 
resemble the pathology of human disease, it is rare that the primary tumors in these contexts 
metastasize to the bone. For example, a mouse model containing a hemizygous deletion of both 
NKX3.1 and PTEN develops high-grade PIN lesions by six months of age and invasive 
adenocarcinoma after 12 months of age. While 25% of these mice between aged 12-15 months had 
lymph node metastases, none had visible metastases to any other organ, including bone [65]. Similarly, 
mice containing a conditional deletion of the tumor suppressor proteins p53 and Rb in the prostate 
epithelium also develop invasive adenocarcinomas with overt liver and lung metastases apparent by 
200 days. Lymph node metastases were also observed, although no mice had apparent bone metastasis. 
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Interestingly, osteopontin, which is frequently overexpressed and associated with human prostate 
cancer bone metastases, was found to be upregulated in p53/Rb conditional knockout mice [66,67]. 
One of the most aggressive transgenic mouse models of prostate cancer, the TRAMP mouse model, 
develops prostate cancer at a relatively young age. In these mice, the SV40 early genes expression is 
driven specifically in the prostate epithelium, and induces the development of invasive prostatic 
adenocarcinoma by age 18 weeks. By 28 weeks of age, all mice had lung or lymph node metastasis. 
While it is possible for TRAMP mice to develop bone metastases, it is rare [68,69]. The low frequency 
of bone metastasis observed across diverse mouse models of prostate cancer such as these further 
underscores the importance of developing an in vivo system that can be readily utilized to elucidate the 
mechanisms involved in human prostate cancer metastasis to the bone. 

4.5. Summary 

To fully understand the mechanisms by which clinical prostate cancer preferentially form skeletal 
metastases, we need to develop models that more closely resemble the pathology and sequential order 
of clinical disease. At present, there is no animal model of prostate cancer that sufficiently 
recapitulates human prostate cancer as it metastasizes mostly to the bone. There are several prostate 
cancer cell lines that form primary tumors, but will not metastasize to bone. Other widely used models 
of metastatic prostate cancer produce metastases that primarily localize to the lymph nodes or lung and 
only produce sporadic bone metastases. Moreover, the injection of human prostate cells into 
immunocompromised animals inherently overlooks the importance of the immune compartment in 
bone metastasis formation. This interaction might be important for site-specific lodging of prostate 
cancer cells in bone, and should be considered in these studies. 

The lack of animal models closely resembling that of human prostate disease is a major gap in the 
field and limits the extent to which prostate cancer metastasis can be studied. In particular, the field 
would benefit from a spontaneous or transgenic model that can be used to study the entire metastatic 
cascade beginning with a primary prostate tumor and ending with colonization in the bone. Moreover, 
an animal model that recapitulates the osteomimetic nature of certain prostate cancer cells and/or 
transgenic models of prostate cancer that manipulate the key cytokine signaling pathways could 
potentially more closely mimic human disease. 

5. Concluding Remarks 

As clinical detection and management of locoregional prostate cancer has become more 
sophisticated, research attention has shifted to its metastasis. Considering that the overwhelming 
majority of advanced prostate cancers will colonize the bone, there is specific interest in understanding 
the nuances of that organotropic spread. Thus far, chemokine/chemokine receptor interactions that 
direct prostate cancer homing as well as characteristics of bone that make it ideally suited to host 
disseminated cells have been shown to be critical to this process. However, animal models that can 
recapitulate the natural progression from primary tumor to skeletal metastases simply do not exist. 
Therefore, new animal models that more closely mimic the evolution of prostate cancer in human 
patients would be critical to further our understanding of how and why disseminated prostate cancer 
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cells preferentially colonize the bone. Furthermore, such advances would provide much needed insight 
toward the development of potential therapeutic options for this highly prevalent disease. 
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